Copper-glutathione complexes under physiological conditions: structures in solution different from the solid state coordination.
The physiologically important copper complexes of oxidized glutathione have been examined by electron spin resonance (ESR) spectroscopy in aqueous solution at neutral pH. Low temperature measurements show that the Cu(II) binding site in oxidized glutathione has the same ligand arrangement as in copper complexes of S-methylglutathione, glutamine, glutamate and glycine. The site is composed of the amino nitrogens and the carboxyl oxygens of two gamma-glutamyl residues; there is no interaction with amide nitrogens, the sulphur bond or the glycyl carboxyl groups. At high metal to ligand ratios a binuclear species exists, in which each Cu(II) binds only to one gamma-glutamyl residue. The previously reported forbidden transition detected at g = 4 is due to non-specific aggregation and not to spin coupling of intramolecular sites. Liquid solution ESR spectra show the Cu(II)-glutathione complex has a lower mobility than the corresponding Cu(II)-S-methylglutathione species. From the degree of spectral anisotropy the complex with glutathione is calculated to exist as a dimer. These results demonstrate that the physiologically relevant complex between copper and oxidized glutathione in solution is completely different from the known solid state structure determined by crystallography.